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Enhancing in-vitro assesment
of Nasal Sprays

• Correlating in-vitro to in-vivo or “real patient use”?
• How close are automated testing parameters to 

“real patient use”?

• How devices are evolving to reduce patient 
influence on dosing?



What do regulatory agencies* expect in terms of 
automated actuation parameters for pumps?

“…container closure system. The selection of a suitable 
pump for a given set of formulation characteristics (e.g., 
viscosity, density, surface tension, rheological
properties) is of paramount importance for the correct 
performance of the pump and, ultimately, the drug 
product. Actuation parameters (e .g., force, speed; hold
and return times) should also be considered when 
selecting the pump.”

* FDA CMC guidance doc Nasal spray & solutions 2002



“The patients”

• The patients or users of 
nasal spray pumps come in 
several shapes and sizes 
and we need to “represent” 
all of them in our testing



Measuring 
actuation 

parameters

Ref: RDD 2004



Actuation speed , references

* RDD IX, 2004 ~39 mm/sec

* RDD Eur. 2007 ~33 mm/sec

* Valois 2007 ~35 – 85 mm/sec

* Valois 2007 ~52 – 112 mm/sec

Nasal spray pump actuation
Machines vs ‘Users’ or ‘Patients’

How do humans actuate ?



Speed
~33 mm/sec

Force
~5 Kg

Human actuation force

Stroke length=3mm 
� speed is ~33mm/s

Force = 5 Kg



Actuation force , references

* RDD Eur. 2007 ~max  6 Kg

* Valois VP3,2007 ~3.3 – 5.6 Kg 

* Valois Equadel,2007 ~3.2 – 4.8 Kg

Nasal spray pump actuation
Machines vs ‘Users’ or ‘Patients’

How do humans actuate ?



Automated Actuation Systems (nasal pumps)

� Reduce operator induced subjectivity
� Actuation parameters relevant to patient use
� Can be used for dose weight/uniformity, spray pattern/plume 

geometry and droplet size distribution tests

MightyRunt from 
InnovaSystems

SprayVIEW NSx 
from ImageTherm

Bottle Booster from 
WM-Consulting



� Electrical driven energy:
Linear movement ( distance a time of actuation )
Actuation speed + distance : controlled (constant speed)
Actuation force : not controlled.
Set up by speed and acceleration of actuation.
Large range of rate.
Automatic determination of the stroke length

� Pneumatically driven energy:
Actuation force a time.
Actuation force : controlled.
Rate of actuation : controlled.
Distance : not controlled.
Set up by speed and force to actuate.
Shape of the actuation profile is close to manual actuation profile.

The Actuation machines, Functioning principles.



Pump VP7 50 / actuator CB18 n°1 . Manual actuation.
 Graph Force vs time.
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Manual Actuation, nasal spray pump



Profile of actuation. Machine NSX. VP7/50 + 5698.
Force vs time / Distance vs time. ( Actuation strok e = 50 mm/s ).
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Pump response to machine actuation is much closer to human profile with
pneumatically driven machine than with electrically driven machine

Actuation curve. Mighty Runt station.
Force vs time / Travel vs time. ( VP7/50 + 5698 )

Dose time = 0,2 sec. Actuation force = 6Kg.
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Humans vs Machine actuation

• From published & measured user or patient trials we can 
see the following ranges:

• Speed  ~33 -> 110+ mm/sec (depending on the pump)
• Force  ~3.2 –> 8.0 Kg (depending on the pump)

• Select automated actuation parameters that 
allow in-vitro studies to assess a range of 
attributes
– Full & accurate dose (+/-15%),
– Stable DSD : D10, D50 and D90 
– Stable spray pattern…



Human vs Machine actuation
From published information and 
experimental data it is clear that :

• Actuation machines do not represent 
exactly “human actuation” profiles….

• How do we reduce/minimize the 
“human” factor? �

• Move towards the next generation of 
user independent devices… equadel, 
side actuation/triggered, electronically 
controlled….



New generation nasal spray pump - Equadel

User-Independent feature –

operates independently from the user 

actuation force & speed profiles

Full Dose compliance

- limits partial metering 

- very reproducible doses



(males H1-H5, females F1-F5)

Equadel pump. 
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Dosing accuracy
Tested with Drug product A, 10 volunteers

• Mean 97.1mg
• SD 2.1mg
• min. 91.1mg, max. 101.5mg 

(range 10.4mg)

• Mean 103.9mg
• SD 1.0mg
• min. 99.4mg, max. 105.4mg 

(range 6.0mg)
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Droplet size distribution
� Tests performed with water
� Analyzed by Malvern Laser particle sizing equipment
� Pumps actuated by untrained volunteers
� Particle size distributions recorded



Droplet size distribution & stable phase

Previous generation
pump (VP3)

Equadel



Spray Angle / Plume Geometry

Actuation speed 
mple  30 mm/sec 40 mm/sec 60 mm/sec 80 mm/sec 
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Particle size distribution

Pompe VP22 / D(v,0.5)
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2 nd generation pump hand actuation 
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EQUADEL hand actuation
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EQUADEL : machine actuation 
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2nd generation pump   machine actuation 
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In-vitro, in-vivo correlation

• Q - How close are the mechanical testing parameters to 
real patient use?

• A- for most tests we can match parameters like force, 
distance , speed etc to cover most typical patient use 
scenarios but mechanical testing may not match all 
possible situations of use by patients and manual testing 
may be needed for some specific tests  



Evolving nasal spray devices

• Q - What kind of performance can we expect from the next 
generation of nasal spray pumps or inhalation devices?

• A – the drive is to make nasal spray pumps more “user-
independent” while keeping them user-friendly (patient 
ease of use & comfort) so that they perform in the same 
way in  every patients hands and to some extent become 
“patient independent” in the same way that innovations 
such as BAI (breath actuated inhalers) and holding
chambers or spacers have improved patient compliance for 
MDIs) 



How devices are evolving to reduce patient 
influence on performance?

• Side actuation devices?
• Pros/cons

– Ease of use, ergonomics
– Patient comfort
– Minimize patient influence on dosing 

performance
– Slightly more complex, more components



Patient Acceptance Study (PAS 1)

Pre selection of specific
ergonomics

Development of side
actuated

mechanisms

Evaluation and
Selection of a few

designs

Integration in a new prototype

PAS 2

Device Improvement

Optimized prototypes



Patient Acceptance Test
• OBJECTIVES

� What method of actuation do patients prefer?

� How can we optimize the “design” in order to maximize 
ergonomics/ease of use

• METHODOLOGY

US consultancy company

• Non-naïve US & UK patients (41) using nasal sprays

• 6 Valois prototypes, one control plus 5 side actuation alternatives

• Individual interviews (x15) and Focus groups (x4) 



Overall Likes & Dislikes (1)

Prototype  Patients Liked  Patients Disliked  
    

 
 
Chronos 

 

 
 
Lateral Placement of Actuation 
Small actuation pad 

 
 
Actuation pad did not press 
as expected 

 
 
Benchmark 

 

 
 
Gripping Ease 

 
 
Long actuator lever 

 
 
Everest Double 

 

 
 
Easy Force of Actuation 

 
 
Uncertainty introduced by 2 
actuation pads 
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Overall Likes & Dislikes (2)

Prototype  Patients Liked  Patients Disliked  
    

 
 
Full 

 

 
 
Gripping Ease  
 
 
 

 

 
 
Location of actuation pad 
(bottom) 

 
 
Mid 

 

 
 
Location of Actuator Pad 
(ability to use thumb strength) 

 
 
Difficult force of actuation 

 
 
Rocket  
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Hands near nasal passages 
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Overall Research findings

• Though patients are satisfied with their current 
samples …

• Side Actuation provides a meaningful patient 
benefit

• In particular, lateral (vs front) side actuation

• Some designs were preferred to others

Overall Research findings

• Though patients are satisfied with their current 
samples …

• Side Actuation provides a meaningful patient 
benefit

• In particular, lateral (vs front) side actuation

• Some designs were preferred to others



What did patients like about their preferred 
prototype(s)?

• Gripping ease (#1 in importance)

• Force to actuate (#2 in importance)

• More definitive stroke: confidence that the right dose is 
dispensed (steroids)

• Fingers away from nostrils (ergonomics, hygiene) But 
not too far away (to keep an accurate control during 
spray delivery)



Must have features suggested by PatientsMust have features suggested by Patients

– Portability
– Transport Security
– Hygiene
– Confidence of getting accurate dose
– Secure grip
– Storage Efficiency (small size)
– Ability to view level of remaining product
– Ability to use discreetly in public

– Portability
– Transport Security
– Hygiene
– Confidence of getting accurate dose
– Secure grip
– Storage Efficiency (small size)
– Ability to view level of remaining product
– Ability to use discreetly in public



Valois side actuation prototypes

Trigger

Short 
Nozzle

See thru
Window

Protective cap 
+ 
transportation 
safety



Possible Customizations



Max 71N

Force profile 

Currently marketed side actuation device



Actuation characterisation:

EQUADEL 100
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Actuation characterisation:
Typical spray patterns for Pumps vs. pumps with side actuation device

Pump + side actuation devicePrevious generation

X = 54 Y = 42 X = 56 Y = 46



Performance characterisation:
Typical droplet size distribution for Pumps vs. pumps with side actuation device

Pump + side actuation device

D50, 45µm

Previous generation

D50, 46µm



Patented model by Valois Pharma

• Side actuation devices..
• Ease of use, 

ergonomics
• Patient comfort
• Minimize patient 

influence on dosing 
performance

• Equivalent performance 
to previous generation 
whoever uses it

• Slightly more complex, 
more components

How devices are evolving to 
reduce patient influence on 

performance?



Summary & Future Trends

• It is possible to correlate in-vitro to in-vivo or “real patient 
use” and set up automated testing equipment to 
represent “real pateint use”

• Devices are evolving to reduce patient influence on 
dosing and there is a move towards next generation 
devices such as Equadel, side actuation, electronic? etc

• The goal is to minimize/reduce patient influence with 
regard to dosing, aerosol performance etc and maximize 
compliance with easy to use devices for patients 


